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ABSTRACT
Use of mesenchymal stem cells (MSCs) has been introduced as a promising tool, for structural and
functional recovery of damaged tissues/organs. Studies have indicated that interactions between
chemokine receptors and their ligands have a critical role in homing of MSCs to the site of injury.
Although CXCR4 variants have been characterized, the exact role of each transcript in homing has
remained unclear. In this study, cells were pretreated with various hypoxia-mimicking compounds
(valproic acid, cobalt-chloride, and deferoxamine mesylate). Results indicated that both variants of
CXCR4 were overexpressed after 24 hours of treatments and their expression could cooperatively
induce and promote the cell migration. Moreover, deferoxamine mesylate was more effective in
overexpression of variant A (lo), which resulted in higher level of CXCR4 protein and the highest
rate of migration of the cells. In conclusion, our findings may have important potential implications
in clinical applications, reinforcing the concept that manipulating the expression of specific CXCR4
variants may increase migration of MSCs.
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Introduction

Stem-cell-based therapy is considered as a promising
approach for treatment of a wide variety of diseases [1].
Mesenchymal stem cells (MSCs) are among the most
practiced cells in therapeutic applications. These cells are
derived from various sources such as adipose tissue (Ad-
MSCs), bone marrow (BM-MSCs), peripheral blood,
synovium, cord blood, etc. [2]. Among these, Ad-MSCs
are preferred option due to their abundance, ease of iso-
lation, differentiation potentials, and immunomodula-
tory effects. Unlike the embryonic stem cells, there are
not much ethical concerns related to these cells. How-
ever, the exact mechanism of MSCs recruitment to the
site of injury remains less understood. Furthermore, lim-
ited survival of transplanted cells and their escape from
tissue of interest have restricted the cellular therapeutic
potential of MSCs [3,4]. It is likely that chemokines and
their receptors are involved in this process, as they are
important factors known to control cell migration and
homing [5–7]. Ad-MSCs express several homing recep-
tors, some of which are definitely functional, and

required for their tissue localization in certain physiolog-
ical or pathological conditions [8,9].

Recently, a number of chemokine receptors and their
specific roles in migration and homing of MSCs have
been described [10]. It has been demonstrated that inter-
play between Stromal cell-derived factor-1 (SDF-1) and
its cognate receptor, chemokine (C-X-C motif) receptor
4 (CXCR4), is involved in the migration of stem cells
[11,12]. It has also been proposed that SDF-1 acts as a
retention agent for CXCR4-expressing cells within the
injured tissues [13,14]. There are reports that SDF-1
expressing cells attract CXCR4 positive metastatic cells to
their respective organs [15,16]. Another study showed
that SDF-1, secreted by carcinoma-associated cells in
breast carcinomas, mediate recruitment of CXCR4
expressing progenitor cells [17]. Similar to metastatic
cells, MSCs have the capacity to migrate through the
bloodstream to different organs under the guidance of
chemical signaling navigation [18,19]. However, recent
studies have also indicated that expansion of MSCs, ex
vivo, can severely impair their homing capacity, resulting
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in low levels of target tissue engraftment and retention
[20,21].

CXCR4 have 2 variants (CXCR4-A and CXCR4-B),
from which the second one have been known as CXCR4.
These variants are slightly different in the first 9 amino
acids at their N-terminals. Variant-A (lo) is encoded by
an unspliced mRNA and shown to be expressed in spe-
cific tissues and cells, e.g. spleen, lung, leukocytes and
some cancerous cell lines like HL-60, HeLa etc. and also
cells in the process of metastasis [22,23].

Previous studies have shown that hypoxia or hypoxia-
mimicking agents such as cobalt chloride (CoCl2) or
deferoxamine mesylate (DFX) can enhance cell migra-
tion rate by increasing the stability of a transcription fac-
tor hypoxia-inducible factor 1-a (HIF1-a) [24–26].
However, the effects of these agents on differential
expression of CXCR4 variants and subsequently

migration of MSCs are still not known. In this study, we
aimed to test the effects of VPA, CoCl2 and DFX on the
expression of different CXCR4 variants and also migra-
tion of Ad-MSCs.

Results

Characterization of Ad-MSCs

Primary cultures of lipoaspirates expanded well leading
to cells with typical fibroblast-like morphology and col-
ony-forming ability (Fig. 1A, B). To confirm the differen-
tiation potential of these cells, Ad-MSCs were
differentiated into osteocytes (Fig. 1C–F) and adipocytes
(Fig. 1G, H). Furthermore, as shown by flow cytometry,
Ad-MSCs were positive for expression of specific cell
surface antigens, including CD90, CD44, CD105 and

Figure 1. Differentiation potential and Immunophenotypic results of Ad-MSCs. Evaluation of Ad-MSCs for minimal criteria. (A and B)
Adherent stem cells in stromal vascular fraction (SVF) derived from adipose tissue could form colonies after primary culture. The cells at
passage 4 were induced with osteogenic medium for 21 d. In contrast to the control cells (C) the calcifications produced by differenti-
ated cells in the extracellular matrix, were stained with Alizarin Red as evident for osteogenesis (D). Additionally, compared to control
(E) osteogensis was confirmed by ALP activity of osteoblasts (F). Moreover unlike the control cells (G) adipogenic differentiation of Ad-
MSCs was validated by Oil Red O staining of lipid droplets, which were produced by adipogenic induction medium (H). Photographs
are representative of 3 independent experiments for each group. (I) Flow cytometry Results showed that Ad-MSCs are positive for
CD90, CD44, CD73, and CD105 and negative for CD11b (macrophage marker), CD45 (haematopoietic stem cell marker) and CD34 (endo-
thelial cell marker).
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CD73, while these cells were negative for CD11b, CD45
and CD34 (Fig. 1I).

The effects of hypoxia mimicking agents on the
expression of CXCR4 variants

In order to verify the effects of hypoxia on the expression
of CXCR4, human Ad-MSCs were pretreated for 24 h
with hypoxia-mimicking agents including VPA, CoCl2,
and DFX. Since the expression of CXCR4-A is very low
in MSCs, cDNA prepared from HL60 (Human promye-
locytic leukemia cells) was used as a positive control
(Fig. 2A). RT-PCR results showed that the CXCR4-A (lo)
expression was detectable only after treatment with DFX
(Fig. 2B). Quantitative analysis of the mRNA expressions
was carried out by Real-time PCR. Although both var-
iants of CXCR4 were expressed in all pretreated Ad-
MSCs, the expression ratios of the 2 variants were differ-
ent. Result indicated that relative expression of CXCR4-

A (lo) had increased 2.24, 6.2, and 8.48 folds after treat-
ing with VPA, CoCl2 and DFX, respectively (Fig. 2C).
Similarly, treatment with these agents resulted in 34.8,
13.35 and 8.56 folds increase in the expression of
CXCR4-B, respectively. As seen in Fig. 2, expression of
CXCR4-B, was substantially upregulated after DFX treat-
ment, while VPA was more effective in upregulation of
CXCR4-B.

Western blot analysis confirmed results obtained by
Real-time PCR regarding CXCR4 gene expression in Ad-
MSCs after 24 h of various pretreatments (VPA, CoCl2
and DFX) (Fig. 3). However, as CXCR4-A and B proteins
have similar molecular weights, it was impossible to
detect the 2 related protein bands separately. As revealed
by Western blotting, treatments with VPA, CoCl2 and
DFX resulted in 1.3, 1.6 and 2.3 folds increase in the
expression of CXCR4, respectively. ImageJ software V2.0
was used to analyze the bands obtained in Western blot-
ting and the results are shown in.

Figure 2. Pretreated Ad-MSCs show high expression level of both CXCR4 variants. The effects of different pretreatments on the expres-
sion of CXCR4 variants. (A) CXCR4 variants expression in haematopoietic (HL- 60) cell line used as a positive control. (B) In semi q-RT PCR
analysis, CXCR4-A (lo) variant expression was appeared only after treatment of Ad-MSCs with DFX for 24h. All treatments (VPA, CoCl2,
and DFX) resulted in overexpression of CXCR4-B variant as compared to untreated control. The ACTB was used as an independent house-
keeping-gene for both semi q-RT PCR and real-time RT-PCR. (C and D) Quantitative Real time PCR showed that expression of CXCR4-A
(lo) variant was more significantly increased after pretreatment with DFX as compared to other treatments rather than other pretreat-
ments and Untreated control. Interestingly expression of CXCR4-B variant had oscillating pattern among VPA, CoCl2, and DFX pretreat-
ments. � p < 0.05, �� p < 0.01 and ��� p < 0.001 was considered significant as compared to untreated control. VPA: valproic acid, CoCl2:
cobalt-chloride, DFX: deferoxamine mesylate, ACTB: b actin.
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Cell migration assay

The effects of various treatments on cellular migration
were assessed using the conventional Boyden chamber
assay (Corning). Ad-MSCs from different treatments,
were left to migrate for 24 h from the upper chamber
through the insert, toward the SDF-1a in receiver wells
(Fig. 4A–J). The migration of Ad-MSCs in all treated
groups was significantly higher than the untreated con-
trol cells. As indicated in Fig. 4K, treatments with VPA,
CoCl2 and DFX resulted in 4, 5 and 7 folds increase in
migration as compared with the untreated control cells.
To provide a definite proof that SDF-1a had been the
cause for migration of the CXCR4 positive cells, SDF-1a
signaling was inhibited using AMD3100, a bicyclam that
is extensively used as a CXCR4-specific inhibitor [27].
As shown in Fig. 4, this blockage dramatically decreased
migration of the Ad-MSCs; indicating that SDF-1/
CXCR4 axis is responsible for migration after these
pretreatments.

Discussion

Effective use of MSCs as a therapeutic candidate, in part,
depends on their ability to home into the target tissues
and retain for a long time [28]. During the past decade,
preclinical experiments and clinical studies using MSCs
have provided data on efficacy and mechanisms involved
in therapeutic effects of MSCs [3,4]. Accordingly, there

are concerns regarding the outcome of MSC-based clini-
cal trials, particularly those using systemic cell delivery
routes. Some studies have focused on the ability of MSCs
to activate specific homing receptors [29–31].

It has been shown that Ad-MSCs are directed toward
SDF-1 because of its chemotaxic property toward
CXCR4 [32]. This migration activity in metastasis state
was attributed to overexpression of CXCR4 variant A
(lo), which is a subsidiary variant of CXCR4. This
expression pattern of CXCR4 in metastasis can be
exploited for directing stem cells to specific sites in the
body to increase their homing and retention, leading to a
better regeneration of a lesion. To this end, we were
searching for a way to overexpress CXCR4 variant A (lo)
and to investigate whether this variant can increase
migration potential of Ad-MSCs. Modulations in
CXCR4 expression may greatly affect trafficking of Ad-
MSCs into the injured tissue [33], in which higher levels
of SDF-1a are expressed [34].

Human CXCR4 gene is expressed in 2 alternative
functional forms: the highly expressed CXCR4-B, which
is the primary receptor for SDF-1; and a longer, low
abundance, but functional CXCR4-A (lo) unspliced vari-
ant [35]. Our results of conventional RT-PCR results
showed that CXCR4 variant A appears only after treat-
ment of Ad-MSCs with DFX and this hypoxia-mimick-
ing agent caused a significant increase in migration of
Ad-MSCs toward SDF-1 as compared with VPA, CoCl2
and untreated control. This would support the notion
that increasing the expression level of the CXCR4-A (lo)
variant in stem cells may augment their therapeutic
effects. Other studies have similarly shown an increase
in homing capacity of MSCs, following DFX treatment
of the cells [36]. Moreover, experiments reported here,
shows that inhibition of CXCR4 receptors impairs Ad-
MSCs migration and thus the SDF-1/CXCR4 axis acts
as an effective factor in cellular migration. Although,
this study does not explain the precise molecular mech-
anisms of the above mentioned phenomenon, one pos-
sibility is the upregulation of HIF-1a [37,38]. In a
recently published paper, however it was shown that,
although CXCR4-B could be effectively overexpressed
in human MSCs by mRNA-nucleofection, no improve-
ment of cell migration could be detected [39]. There-
fore, we speculate that CXCR4-A variant, dependent or
independent from CXCR4-B, might be responsible for
MSC chemotaxis.

As previously mentioned, CXCR4-B is highly
expressed in many human tissues, while the expression
of CXCR4-A (lo) is either absent or proportionally lower
in all tissues [35]. Such tissue-specific manner of expres-
sion for the CXCR4-A (lo) implies that its expression is
highly regulated. However, the functional results of such

Figure 3. Validation of the results of Real time PCR with Western
blotting. As shown by Western blot all treatments resulted in
overexpression of CXCR4 protein. ImageJ Software was used to
quantify CXCR4 expression in comparision to untreated cells after
normalization to ACTB. � p < 0.05 was considered significant as
compared to untreated control. VPA: valproic acid, CoCl2: cobalt-
chloride, DFX: deferoxamine mesylate, ACTB: b actin.

CELL ADHESION & MIGRATION 121



an expression patterns for both CXCR4-A (lo) and
CXCR4-B is less understood. Gupta et al. showed that
CXCR4-A (lo) is less potent and efficient in its response
to SDF-1a, with effective concentration (EC50) of
»20 nM, in comparison with CXCR4-transfected cells

(EC50 of »6 nM) [35]. Similarly, our results confirmed
that the chemotactic response of human Ad-MSCs
expressing (DFX-pretreated) CXCR4-Lo was higher in
the Transwell migration assay in comparison to the
untreated controls and other pretreatments.

Figure 4. Pretreated Ad-MSCs display significantly higher migration toward SDF-1a. In vitro migration assay of Ad-MSCs pretreated with
various hypoxia-mimicking agents. (A-D) Migration of untreated and pretreated Ad-MSCs toward SDF-1a. After fixation, migrated cells
were stained with DAPI. DFX-treatment (D) could induce migration activity of Ad-MSCs more than VPA (B) and CoCl2(C) treated cells.
Migration of untreated cells toward SDF-1a was considerably lower (A) than treated cells (B-D). To ensure that enhanced migration of
treated cells is because of SDF-1a/CXCR4 axis, AMD3100, a CXCR4-blocking agent, was used to inhibit CXCR4 (E-H). (I) Migration of
untreated Ad-MSCs toward FBS was used as a positive control. (J) In absence of FBS and SDF1-1a in lower chamber (as negative control),
very few untreated Ad-MSCs migrated only by chance. (K) Quantified average number of migrated Ad-MSCs toward SDF-1a after pre-
treatments with various hypoxia-mimicking agents (i.e. VPA, CoCl2, and DFX) and also inhibition by AMD3100. Significance of the data
was examined in the level of p < 0.001 using the one-way ANOVA and expressed as mean § SD. # denotes significant difference rela-
tive to untreated control, VPA and CoCl2 pretreatment. � denotes significant difference relative to untreated control. VPA: valproic acid,
CoCl2: cobalt-chloride, DFX: deferoxamine mesylate, SDF-1a: stromal derived factor-1a.
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Various strategies have been proposed to increase the
homing capacity of the MSCs. In this work, an outlook is
proposed on the significance of CXCR4 variants and the
specific pretreatment for future manipulation of Ad-
MSCs, which might be useful in therapeutic applications.
The results here show that 2 different variants of this
gene responded differently to the treatments and that the
variant A was more responsive to DFX treatment as
shown by increasing its transcript level. However, this
variant is very low in untreated Ad-MSCs. Among the
hypoxia-mimicking chemicals, DFX showed higher
impact on induction of the CXCR4-A (lo), and subse-
quently induction of the Ad-MSCs migration. Therefore,
the pretreatment of human MSCs with DFX could be a
promising therapeutic approach to improve cell trans-
plantation and treatment of various systemic and local
degenerative injuries. The data presented here, support
notion that subsidiary variant of CXCR4 functions is
crucial to increase migration of human Ad-MSCs. Taken
together, these findings indicate that MSCs can be han-
dled in vitro to enhance their in vivo homing and efficacy
for tissue repair.

Material and methods

Isolation of human MSCs from adipose tissue

All patients included in this study were informed regard-
ing the usage of their samples for experimental analysis
and the process was approved by the Ethical Committee
of Ferdowsi University of Mashhad.

In this study, the adipose tissue samples were obtained
from healthy women, who underwent cosmetic liposuc-
tion at Razavi Hospital (Mashhad, Iran). The adipose tis-
sue was extensively washed with phosphate-buffered
saline (PBS) to remove debris and blood cells. The
washed aspirates were treated with 1 mg collagenase type
I (Invitrogen) in PBS per 3 ml lipoaspirates for 45 min at
37�C, with gentle agitation. Ten mg of bovine serum
albumin (BSA, Biowest), as carrier protein, (per 1 mg
collagenase) and CaCl2 (2 mM; final concentration) were
added to the solution for better activation of the enzyme.
After centrifugation (at 800 g for 10 min), the floating
adipocyte layer and the aqueous PBS–collagenase super-
natants were aspirated off. Then, the infranatant pellet
(SVF cells fraction) was washed with PBS, centrifuged at
400 g for 6 min, resuspended in Dulbecco’s modified
Eagle medium (DMEM) low glucose (Biowest), and cul-
tivated in DMEM containing 2 ng/ml basic fibroblast
growth factor (bFGF, Royan Institute, Iran), 10% fetal
bovine serum (FBS, Invitrogen), 100 mg/ml streptomycin
and 100 U/ml penicillin (Invitrogen). In order to per-
form Ad-MSCs expansion, the resuspended pellet were

seeded in 75 cm2 plastic culture flasks (each 10 ml lipoas-
pirates for one flasks) containing 15 mL of DMEM/10%
FBS. The non-adherent cell population was poured off
after 24-48 hrs in culture. The isolated human Ad-MSCs
were characterized by morphology, flow cytometry and
standard differentiation assays. The Ad-MSCs from pas-
sage 4 were characterized and used for further
experiments.

Osteogenic and adipogenic differentiation

In order to characterize the Ad-MSCs, they were differ-
entiated into osteoblasts according to Secco et al protocol
[40]. For this purpose, the Ad-MSCs were cultured in
DMEM low glucose, supplemented with 10% FBS,
0.1 mM dexamethasone, 50 mM ascorbate-2-phosphate
and 10 mM b-glycerophosphate for 21 d (all from
Sigma-Aldrich). For detection of osteoblast calcium
deposits and measurement of the alkaline phosphatase
activity, the cells were stained with Alizarin Red S
(Sigma-Aldrich) and BCIP/NBT tablet (Becton Dickin-
son, Bioscience) as a substrate, respectively.

The adipogenic differentiation was performed based
on da Silva Meirelles protocol [41]. For this purpose,
The Ad-MSCs were cultured in DMEM, supplemented
with 10% FBS, 1 mM dexamethasone, 10 mM b-glycero-
phosphate and 200 mM indomethacin (all from Sigma-
Aldrich). After 21 days, the fat vacuoles and nuclei were
stained with Oil red O (Sigma-Aldrich) and hematoxylin
(Merck), respectively.

Flow cytometry

For further characterization of Ad-MSCs, they were, at
passage 4, analyzed by flow cytometry. For this, the cul-
tured cells were dissociated with trypsin/Ethylenediami-
netetraacetic acid (EDTA) and 1£106 cells were
resuspended in 100 ml cold PBS, containing 5% FBS.
Thereafter, the cells were incubated for one hour with
respective antibodies or isotype-matched control anti-
bodies. Finally, the cells were resuspended in 400 ml PBS.
The data obtained from flow cytometry (BD
AccuriTM C6) were analyzed with Flowing Software 2.5
program.

Antibodies used for characterization of Ad-MSC were
as follows: mouse anti-CD44 polyclonal antibody, rabbit
anti-CD34 polyclonal antibody (all from antibodies-
online, Aachen, Germany), mouse anti-CD90 monoclo-
nal antibody, rabbit anti-CD11b polyclonal antibody,
mouse anti-CD73 monoclonal antibody (all from Novus
Biologicals, Littleton, Colorado, USA), rabbit anti-
CD105 polyclonal antibody and rabbit anti-CD45 poly-
clonal antibody (all from Bioss Inc., Woburn, MA, USA)
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on the surface of Ad-MSCs. For each antibody, it’s
appropriate isotype control was used.

Ex vivo pretreatment of MSCs

MSCs were treated with various hypoxia-mimicking
chemicals. An incubation time of 24 h was selected on
the basis of previous studies showing that expression of
CXCR4 increased in a time-dependent manner after
treatment with VPA (1.0 mM), CoCl2 (100 mM) and
DFX (120 mM) [42,43]. After incubation, MSCs were
extensively washed with 1x PBS, dissociated from T75
cell culture flasks with Accutase (Sigma-Aldrich) for
5 min at 37�C, centrifuged (at 400 g for 6 min) and
resuspended in DMEM prior to in vitromigration assay.

In vitro migration assay

Ad-MSC chemotaxis assay was performed in 24-well
plates, based on the Boyden chamber principle using an
8 mm pore size polycarbonate membrane (Costar, corn-
ing) [44]. Ad-MSC suspensions in serum-free DMEM,
containing 0.5% BSA at a concentration of 25 £ 103

cells/ml in 100 ml, were loaded onto the top wells. Then,
100 ng/ml SDF-1a was added to the bottom chamber in
a total volume of 600 ml and after 18-h incubation at
37�C and 5% CO2. The non-migrated cells were
completely wiped off from the top surface of the filters
by a cotton swab. Finally the migrated cells, adhering to
the undersurface of the filter membranes, were stained
with DAPI and counted. Moreover, the SDF-1a induced
migration activity was inhibited by AMD3100, a
CXCR4-blocking agent [27], evaluate correlation
between Ad-MSCs migration, toward SDF-1a, with
upregulation of CXCR4 expression. To this aim, the Ad-
MSCs were preincubated with AMD3100, at a concen-
tration of 10 mg/ml for 30 min at room temperature,
before chemotaxis test. Each experiment was performed
2 times in triplicate wells. Five fields were counted from
each well and the average number of the migrated cells
was determined. P values �0 .05 were considered as
significant.

Conventional and real-time RT-PCR

Total RNA was extracted using TriPure reagent (Roche,
Germany) according to the manufacturer’s instructions.
For all RNA samples quantity and purity were deter-
mined using Nanodrop ND-1000 spectrophotometer
(Nanodrop, BIO-TEK). First strand cDNA synthesis of
both variants of CXCR4 and b actin (ACTB, as house-
keeping gene) genes was performed using a cDNA syn-
thesis kit (Fermentas), following the manufacture’s

protocol. False positives and DNA contamination were
controlled by removal of the reverse transcriptase
enzyme in the control reactions. The thermal profile for
the conventional PCR were 35 cycles for CXCR4-B, 40
cycles for CXCR4-A and 25 cycles for ACTB genes, with
each cycle consisting of 94�C for 30 seconds, 57�C for 40
seconds and 72�C for 30 seconds. Amplification was car-
ried out in 25 ml reaction mixtures, containing 0.4 U Taq
polymerase (Fermentas). The sequences of primers are
shown in Table 1.

Protein extraction and western blotting

Ad-MSCs were washed with ice-cold PBS and the cells
were lysed using TriPure (Roch, Germany) for protein
extraction according to the manufacturer’s protocols
with some modifications. Briefly, after centrifugation, the
upper phase, containing RNA, was collected for RNA
purification and the remaining 2 phases, containing
DNA and protein, were aspirated completely. DNA was
precipitated with 100% ethanol and precipitated by
centrifuging from the organic phase. Acetone and glyc-
erol (2%) were added to the supernatant for precipitation
of the proteins. The precipitated proteins were washed
3 times with 0.3 M guanidine hydrochloride, in 95% eth-
anol and 2% glycerol. The proteins were precipitated in
ethanol and 2% glycerol and dissolved in 1% warm
sodium dodecyl sulfate polyacrylamide (SDS). For maxi-
mum protein dissolution, the precipitate was incubated
at 60�C for 10 min, with periodic vortexing. Finally the

Table 1. Description of the semi-quantitative RT-PCR primers.

Gene Strand Primer sequence
Product
size (bp)

ACTB Sense 50- GCTCAGGAGGAGCAAT -30 187
Antisense 50- GGCATCCACGAAACTAC -30

CXCR4-A (Lo) Sense 50- GAGGAGTTAGCCAAGATGTGAC -30 766
Antisense 50- GACGCCAACATAGACCACCT -30

CXCR4-B Sense 50- TCTGGAGAACCAGCGGTTAC -30 501
Antisense 50- GACGCCAACATAGACCACCT -30

In order to quantify the level of the CXCR4 variants, a Real-time RT-PCR assay
was established. Quantitative Real-time PCR analysis was performed using
SYBR Green PCR Master Mix according to the manufacturer’s recommenda-
tions (Takara). Each experiment was performed 2 times. The sequences of
the applied primers are shown in Table 2.

Table 2. Description of the Real time-PCR primers.

Gene Primer sequence Product
size (bp)

ACTB Sense 50- GCTCAGGAGGAGCAAT -30 187
Antisense 50- GGCATCCACGAAACTAC -30

CXCR4-A (Lo) Sense 50- GAGGAGTTAGCCAAGATGTGAC -30 116
Antisense 50- CCCATAGTGACTTCATTATATCCTTC -30

CXCR4-B Sense 50- GCAGCAGGTAGCAAAGTG -30 116
Antisense 50- CTCGGTGTAGTTATCTGAAGTG -30
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protein samples were labeled and stored at ¡80�C until
the time for Western blot.

The stored protein samples were thawed and dissolved
in 5X sample buffer and subjected to SDS–PAGE gel elec-
trophoresis. The gel separated proteins were transferred
onto a polyvinylidene fluoride (PVDF) membrane and
then blocked with Tris Buffered Saline (TBS) plus Tween
20 (TBST), containing 5% non-fat dry milk for 3 h at
room temperature. The membrane was incubated about
2 h with CXCR4 antibody (Santa-Cruz Biotechnology,
1:300) and ACTB (Santa-Cruz Biotechnology, 1:300) as
housekeeping antibody, and was diluted in TBST, contain-
ing 3% non-fat dry milk. The immune complexes were
then visualized with appropriate horseradish peroxidase-
conjugated secondary antibodies (Santa-Cruz Biotechnol-
ogy, 1:2000) and enhanced chemiluminescence (Bio-Rad,
USA). Each experiment was performed 2 times.

Statistical analysis

Statistical analysis was performed using Graph Pad
Prism, version 6.0. The significance of difference between
the experimental groups and controls was assessed by
one-way ANOVA dunnett’s test. The results are pre-
sented as the means § standard deviation (SD).
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